APPARATUS FOR CONTROLLING DECISION THRESHOLD VOLTAGE 

TO OPTICAL RECEIVER 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates to an optical receiver for 
an optical transmission system, and more particularly to an 
apparatus for controlling a decision threshold voltage to an 

10 optical receiver, which is capable of automatically controlling 
the decision threshold voltage to the optical receiver 
appropriately to signal level decision on the basis of a low- 
frequency band signal component of an output signal from the 
optical receiver so as to reduce a bit error rate, and being 

15 implemented in a simple manner at low cost. 

Description of the Related Art 

In general, an optical transmission system comprises an 
optical transmitter module for converting an electrical signal 

20 into an optical signal, an optical fiber cable for transmitting 
the optical signal from the optical transmitter module, a 
repeater for amplifying and transmitting the optical signal 
from the optical fiber cable in the middle of its transmission 
by the cable, and an optical receiver module for converting the 

25 optical signal amplified and transmitted by the repeater back 



1 



1 



to an electrical signal. The optical receiver module includes a 
clock/data recovery unit, which will hereinafter be described 
with reference to Fig. 1. 

Fig. 1 is a block diagram showing the configuration of a 
5 conventional optical receiver module. 

With reference to Fig. 1, the conventional optical 
receiver module includes an optical receiver 110 for converting 
an input optical signal Sin into an electrical signal, a 
clock/data recovery unit 120 for receiving an output signal 

10 Sout from the optical receiver 110 and recovering a clock and 
data contained in the received signal Sout, a bit error rate 
tester 130 for measuring a bit error rate of the data using a 
data signal SD and clock signal SC from the clock/data recovery 
unit 120, and a digital oscilloscope 140 for measuring a cross 

15 point of the output signal Sout from the optical receiver 110. 

In order to measure optical transmission performance of 
the optical transmission system, there is a need to perform a 
photoelectric conversion function and a clock/data recovery 
function, respectively, using the optical receiver and the 

20 clock/data recovery unit. An optimum condition for level 
decision in the clock/data recovery unit, or an optimum 1/0 
distribution condition, can be realized by optimally adjusting 
distributions of 1 and 0 levels of the electrical signal from 
the optical receiver. 

25 Fig. 2 is a block diagram of the optical receiver 110 in 
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Fig. 1. 

With reference to Fig. 2, the optical receiver 110' 
includes a photodiode 111 for converting the input optical 
signal Sin into an electrical signal, a transimpedance 
5 amplifier 112 for amplifying the electrical signal 
photoelectrically converted by the photodiode 111 at a 
predetermined gain, and a limiting amplifier 113 for limiting 
an output . signal from the transimpedance amplifier 112 to a 
predetermined level and outputting the resulting signal Sout . 

10 The output signal Sout from the limiting amplifier 113 

has a cross point adjustable with a direct current (DC) voltage 
inputted thereto. This signal Sout is also composed of two 
differential signal components Soutl and Sout2 with opposite 
phases such that it is processable even when at a low level. 

15 The signal Sout photoelectrically converted and outputted 

by the optical receiver 110 shows distributions of and '0' 

signal levels on the basis of the cross point thereof, which is 
subject to a variation resulting from the DC voltage to the 
limiting amplifier 113. This output signal Sout will 

20 hereinafter be described with reference to Figs. 3a-, 3b and 3c. 

Figs. 3a, 3b and 3c are waveform diagrams showing level 
distributions of the output signal from the optical receiver 
110 of Fig. 2. 

Where the cross point of the output signal from the 
25 optical receiver 110 is 50% as shown in Fig. 3a, the output 
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signal has a signal level *1' distribution SID and a signal 
level '0' distribution SOD symmetrical to each other about the 
cross point. As a result, the signal level y l' distribution SID 
and signal level x 0' distribution SOD contain very small or 
5 consistent errors, so as to have substantially the same signal 
level *0' error distribution SOED and signal level *1' error 
distribution S1ED at their one sides, respectively. 

However, where the cross point of the output signal from 
the optical receiver 110 is not 50% as shown in Figs. 3b and 

10 3c, for example, where the output signal has a larger signal 
level error distribution S1ED as shown in Fig. 3b, the 

probability of the output signal being decided to be *0' in 
level is higher although it must be decided to be originally 
y l' in level. On the contrary, where the output signal has a 

15 larger signal level *0' error distribution SOED as shown in 
Fig. 3c, the probability of the output signal being decided to 
be *1' in level is higher although it must be decided to be 
originally y 0' in level. That is, in the case where the signal 
cross point is not 50% as shown in Figs. 3b and 3c, a larger 

20 amount of signal level decision errors take place in the 
process of data recovery by the clock/data recovery unit 120. 

In particular, an optical signal is transmitted to the 
optical receiver via a plurality of optical amplifiers and a 
plurality of optical transmission lines. In this transmission 

25 process, the optical signal is compressed or spread due to 
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dispersion and nonlinearity of the optical transmission lines. 
Further, noise is accumulated in level *1' data of the optical 
signal due to spontaneous emission noise of the optical 
amplifiers. As a result, it is hard for the clock/data recovery 
5 unit to electrically make an accurate distinction between the 
level 1 and the level 0. 

Therefore, in order to obtain the best data 
characteristics, or the lowest bit error rate, there is a need 
to, ahead of others, optimally adjust distributions of levels, 
10 or y l' and '0' levels, of the electrical signal from the 
optical receiver. 

SUMMARY OF THE INVENTION 

15 Therefore, the present invention has been made in view 

of the above problems, and it is an object of the present 
invention to provide an apparatus for controlling a decision 
threshold voltage to an optical receiver, which is capable of 
automatically controlling the decision threshold voltage to the 

20 optical receiver appropriately to signal level decision on the 
basis of a low-frequency band signal component of an output 
signal from the optical receiver so as to reduce a bit error 
rate, and being implemented in a simple manner at low cost. 

In accordance with the present invention, the above and 

25 other objects can be accomplished by the provision of an 
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apparatus for controlling a level of a decision threshold 
voltage to an optical receiver, the optical receiver converting 
an input optical signal into an electrical signal, the 
apparatus comprising: a voltage detector for branching off part 
5 of an output signal from the optical receiver and detecting a 
corresponding voltage; a differential comparator for comparing 
the voltage detected by the voltage detector with a reference 
voltage inputted thereto and outputting the resulting 
differential voltage; a low pass filter for filtering the 

10 differential voltage from the differential comparator at a 
predetermined low frequency band and supplying the resulting 
voltage as the threshold voltage to the optical receiver; and a 
voltage controller for controlling the reference voltage to the 
differential comparator on the basis of a differential voltage 

15 between the threshold voltage from the low pass filter and a 
predetermined voltage corresponding to a predetermined minimum 
bit error rate; whereby the decision threshold voltage to the 
optical receiver is controlled such that it corresponds to the 
minimum bit error rate. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and other 
advantages of the present invention will be more clearly 
25 understood from the following detailed description taken in 
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conjunction with the accompanying drawings, in which: 

Fig. 1 is a block diagram showing the configuration of a 

conventional optical receiver module; 

Fig. 2 is a block diagram showing the configuration of a 
5 conventional optical receiver; 

Figs. 3a, 3b and 3c are waveform diagrams showing level 

distributions of an output signal from the optical receiver of 

Fig. 2; 

Fig. 4 is a block diagram showing the configuration of 
10 an apparatus for controlling a decision threshold voltage to an 
optical receiver according to the present invention; 

Fig. 5 is a graph showing decision threshold voltage-to- 
bit error rate and cross point characteristics according to 
the present invention; 
15 Fig. 6 is a graph showing decision threshold voltage-to- 

monitored voltage characteristics according to the present 
invention; and 

Fig. 7 is a block diagram showing the configuration of 
an optical transmission system to which the decision threshold 
20 voltage control apparatus of the present invention is applied. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, preferred embodiments of the present invention will 
25 be described in detail with reference to the annexed drawings. 
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In the drawings, the same or similar elements are denoted by 
the same reference numerals even though they are depicted in 
different drawings . 

Fig. 4 is a block diagram showing the configuration of 
5 an apparatus for controlling a decision threshold voltage to an 
optical receiver according to the present invention. 

With reference to Fig. 4, the decision threshold voltage 
control apparatus according to the present invention is adapted 
to control the level of a decision threshold voltage to an 

10 optical receiver 410 that converts an input optical signal into 
an electrical signal, and comprises a voltage detector 421 for 
branching off part of an output signal from the optical 
receiver 410 and detecting a corresponding voltage Vd, a 
differential comparator 422 for comparing the voltage Vd 

15 detected by the voltage detector 421 with a reference voltage 
Vref inputted thereto and outputting the resulting differential 
voltage, a low pass filter 423 for filtering the differential 
voltage from the differential comparator 422 at a predetermined 
low frequency band and supplying the resulting voltage as the 

20 threshold voltage Vth to the optical receiver 410, and a 
voltage controller 424 for controlling the reference voltage 
Vref to the differential comparator 422 on the basis of a 
differential voltage between the threshold voltage Vth from the 
low pass filter 423 and a predetermined voltage corresponding 

25 to a predetermined minimum bit error rate. 



In this manner, the decision threshold voltage control 
apparatus according to the present invention is configured to 
control the decision threshold voltage to the optical receiver 
such that it corresponds to the minimum bit error rate. 
5 The voltage detector 421 is preferably composed of a low 

pass filter which branches off part of the output signal from 
the optical receiver 410 and filters the resulting signal at a 
predetermined low frequency band. This low pass filter may be 
implemented with, for example, a resistor Rll and a capacitor 
10 Cll. 

The low pass filter 423 is simply implemented with a 
resistor R21 and a capacitor C21. 

The voltage controller 424 is preferably adapted to 
receive a photoelectrically converted input voltage from the 

15 optical receiver 410, perform its control operation if the 
level of the input voltage is higher than or equal to a 
predetermined signal input determination voltage level, and 
stop it if the input voltage level is lower than the 
predetermined signal input determination voltage level. 

20 A detailed description will hereinafter be given of the 

operation of the decision threshold voltage control apparatus 
with the above-stated configuration according to the present 
invention in conjunction with the annexed drawings. 

The decision threshold voltage control apparatus 

25 according to the present invention is capable of automatically 
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controlling a decision threshold voltage to an optical receiver 
for an optical transmission system appropriately to signal 
level decision on the basis of a low-frequency band signal 
component of an output signal from the optical receiver so as 
5 to reduce a bit error rate, and being implemented in a simple 
manner at low cost, which will hereinafter be described with 
reference to Figs. 4 to 6. 

With reference to Fig. 4, first, the optical receiver 410 
to which the present invention is applied converts an input 

10 optical signal into an electrical signal, which is then 
adjusted in level based on the threshold voltage so as to be 
outputted as a signal of or '0' level with minimum bit 

error rate characteristics. 

At this time, in the decision threshold voltage control 

15 apparatus of the present invention, the voltage detector 421 
branches off part of the output signal from the optical 
receiver 410 and detects a corresponding voltage Vd. Note that 
the optical receiver 410 transmits its output signal at a 
predetermined data rate, for example, lOGbps or 12.5Gbps. In 

20 this regard, there is a need to stabilize the signal 
transmitted at such a high data rate since it is too unstable 
to use as a voltage signal for comparison. 

Therefore, the voltage detector 421 branches off part of 
the output signal from the optical receiver 410 and filters the 

25 resulting signal at a predetermined low frequency band, so as 
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to detect a more stable, low frequency band voltage Vd and 
output the detected voltage Vd to the differential comparator 
422. 

The differential comparator 422 compares the voltage Vd 
5 detected by the voltage detector 421 with the reference voltage 
Vref inputted thereto and outputs the resulting differential 
voltage to the low pass filter 423. 

The low pass filter 423 low pass filters the differential 
voltage from the differential comparator 422 and supplies the 

10 resulting voltage as the threshold voltage Vth to the optical 
receiver 410. This low pass filtering makes the threshold 
voltage Vth more stable. Thereafter, the optical receiver 410 
adjusts a cross point for level decision of its output signal 
on the basis of the threshold voltage Vth. 

15 The voltage controller 424 receives a photoelectrically 

converted input voltage SI from the optical receiver 410 and 
determines whether the level of the input voltage is higher 
than or equal to a predetermined signal input determination 
voltage level. Upon determining that the level of the input 

20 voltage is higher than or equal to the predetermined signal 
input determination voltage level, the voltage controller 424 
recognizes the presence of an input signal and then performs 
its control operation. On the contrary, in the case where the 
level of the input voltage is determined to be lower than the 

25 predetermined signal input determination voltage level, the 
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voltage controller 424 recognizes the absence of an input 
signal and then stops its control operation. This process is 
preferable in that unnecessary power consumption can be 
curtailed. 

5 In operation, the voltage controller 424 controls the 

reference voltage Vref to the differential comparator 422 on 
- the basis of a differential voltage between the threshold 
voltage Vth from the low pass filter 423 and a predetermined 
voltage corresponding to a predetermined minimum bit error 

10 rate. This process is repeated to control the threshold voltage 
such that it corresponds to the minimum bit error rate. 

Fig. 5 is a graph showing decision threshold voltage-to- 
bit error rate - and cross point characteristics according to 
the present invention. 

15 With reference to Fig. 5, the higher the threshold 

voltage to the optical receiver becomes, the lower the cross 
point becomes. At this time, the bit error rate decreases to 
its minimum value and ' again increases therefrom. In this 
connection, according to the present invention, the threshold 

20 voltage to the optical receiver is controlled to obtain the 
minimum bit error rate. That is, the voltage controller 424 
controls the reference voltage to the differential comparator 
422 such that the decision threshold voltage corresponds to 
the minimum bit error rate. It can be seen from Fig. 5 that, 

25 when the decision threshold voltage is -1.533V, the minimum 
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bit error rate is obtained and the cross point is 50%. A 
predetermined voltage corresponding to the minimum bit error 
rate is set in the voltage controller 424. 

Fig. 6 is a graph showing decision threshold voltage-to- 
5 monitored voltage characteristics according to the present 
invention. 

As can be seen from Fig. 6, if the' decision threshold 
voltage increases with the reference voltage to the 
differential comparator 422, the output voltage from the 

10 optical receiver increases, too. This signifies that the 
higher the output voltage from the optical receiver becomes, 
the higher the threshold voltage becomes, too. 

As stated above, according to the present invention, 
whenever the output voltage from the optical receiver varies, 

15 the reference voltage to the differential comparator and, in 
turn, the decision threshold voltage are adjusted so that the 
output voltage from the optical receiver can be constant in 
level. Through this control process, it is possible to adjust 
the cross point of the output signal from the optical receiver 

20 to 50% as shown in Fig. 5 and thus provide the output 'voltage 
corresponding to the minimum bit error rate. 

In other words, the detected voltage Vd branched off 
from the output voltage from the optical receiver is monitored 
and the reference voltage Vref is adjusted in each variation 

25 of the detected voltage to adjust the threshold voltage Vth, 
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so that the output voltage Sout from the optical receiver can 
be constant in level, namely, the cross point thereof can be 
adjusted to 50% as shown in Fig. 5, thereby enabling the 
output voltage to be controlled such that it corresponds to 
5 the minimum bit error rate. 

Fig. 7 is a block diagram showing the configuration of 
an optical transmission system to which the decision threshold 
voltage control apparatus of the present invention is applied. 
As shown in this drawing, the decision threshold voltage to the 

10 optical receiver 410 is adjusted by the decision threshold 
voltage control apparatus of the present invention, which is 
denoted by the reference numeral 420, such that it corresponds 
to the minimum bit error rate. As a result, a clock/data 
recovery unit 430 can recover a clock and data more accurately, 

15 namely, at the minimum bit error rate, from the output voltage 
from the optical receiver 410. This can be confirmed through a 
bit error rate tester 440 and digital oscilloscope 450. 

As apparent from the above description, the present 
invention provides an apparatus for controlling a decision 

20 threshold voltage to an optical receiver for an optical 
transmission system, which is capable of automatically 
controlling the decision threshold voltage to the optical 
receiver appropriately to signal level decision on the basis of 
a low-frequency band signal component of an output signal from 

25 the optical receiver so as to reduce a bit error rate, and 
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being implemented in a simple manner at low cost. 

Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications , 
5 additions and substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims . 
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